The shoulder joint has the greatest range of motion of any joint in the body. However, it relies on soft-tissue restraints, including the capsule, ligaments, and musculature, for stability. Therefore, this joint is at the highest risk for dislocation. Thorough knowledge of the shoulder's anatomy as well as classification of dislocations, anesthetic techniques, and reduction maneuvers is crucial for early management of acute shoulder dislocation. Given the lack of comparative studies on various reduction techniques, the choice of technique is based on physician preference. The orthopaedic surgeon must be well versed in several reduction methods and ascertain the best technique for each patient.
S everal shoulder dislocation reduction techniques have been described in the modern literature, but little of it synthesizes the early management of acute shoulder dislocations. The shoulder is the most commonly dislocated large joint. 1 With the increasing activity level associated with modern society, the incidence of shoulder dislocation has risen to 24 per 100,000 person-years. 2 The highest percentage of primary dislocations occurs in males aged 10 to 20 years followed by the 50-to 60-year age group. 3, 4 A thorough knowledge of shoulder anatomy, classification of dislocations, anesthetic techniques, and a variety of reduction maneuvers is essential for management of this injury.
Pathoanatomy
The shoulder joint develops as an appositional articulation and has the greatest range of motion (ROM) of any joint in the body due to a scarcity of bony restraints and minimal articular contact. Thus, the shoulder is more reliant on soft-tissue restraints of the capsule, ligaments, and musculature, placing this joint at high risk for dislocation. The shoulder is held reduced by static and dynamic stabilizers (Table 1) . Static stabilizers maintain congruity of the shoulder joint through buttressing support and provide stability at the end ranges of motion. Dynamic stabilizers function via the neuromuscular system, actively stabilizing the moving joint at the mid ranges of motion.
Static constraints of the shoulder consist of the coracoacromial arch, glenoid fossa, labrum, capsule, and glenohumeral ligaments (GHLs). The coracoacromial arch is formed by the coracoid, coracoacromial ligament, acromioclavicular joint, and clavicle. These structures collectively provide anterosuperior stability. Moreover, the articular surface of the glenoid is angled anteriorly and superiorly, providing posterior and inferior stability. In contrast to the acetabulum of the hip joint, the glenoid has a smaller articular surface, thereby rendering the shoulder less stable. The articular surface of the humeral head is three Thomas Youm, MD Richelle Takemoto, MD Brian Kyu-Hong Park, MD times larger than that of the glenoid, and only 25% to 30% of the humeral head articulates with the glenoid at any one time. 5, 6 For this reason, adhesioncohesion forces mediated by synovial fluid are instrumental in centering the humeral head on the glenoid.
Because of the lack of bony constraint of the glenoid fossa, which is relatively flat and small, stability is primarily conferred by soft-tissue structures. The labrum increases shoulder stability by contributing 50% of glenoid cavity depth and increasing the total surface area. 7 Along with the rotator cuff, the labrum is integral to concavity compression and provides a seal around the joint. 8 Any disturbance in the labrum can disrupt the intra-articular vacuum and alter the mechanics of the joint. Once the negative pressure seal is lost, the humeral head typically translates inferiorly.
Capsular lesions allow increased translation of the humeral head and instability in the opposing direction. The superior GHL resists inferior humeral translation and is the primary restraint of the adducted shoulder. The morphology and size of the middle GHL is variable, poorly defined, and absent in 30% of shoulders. 9 When present, this ligament resists anterior translation and limits external rotation at 45°of abduction. The inferior GHL consists of three bands and is the strongest of all the GHLs. It provides the greatest stability by resisting anteroinferior translation. The anterior band of the inferior GHL prevents anterior dislocation by limiting external rotation at 45°to 90°of abduction.
The dynamic stabilizers include the deltoid, biceps, rotator cuff, and scapular stabilizing muscles. The long head of the biceps has been thought to depress the humeral head during abduction, resulting in further stability. However, the biomechanical function of the biceps tendon is confounded by conflicting electromyelography studies; some show activity in the biceps tendon during active abduction, and others do not. 10, 11 The rotator cuff provides dynamic compression of the humeral head into the glenoid through a phenomenon known as concavity compression. Direct attachments to the capsule allow the rotator cuff muscles to contribute to stability by increasing articular tension. During shoulder movement, active compression of the humerus against the glenolabral articular concavity provides additional support. In addition, proprioceptive muscular reflexes counter capsular stretch and shoulder motion detected by sense receptors, further increasing stability. 8 The trapezius, rhomboids, latissimus dorsi, serratus anterior, and levator scapulae muscles stabilize the scapula and increase dynamic stability. With active glenohumeral abduction, the scapula rotates about the thorax. This synchronous movement is referred to as scapulohumeral rhythm. Patients with shoulder instability have been found to have excessive movement into protraction or a delay in retraction with shoulder elevation and increased spinal tilt, thereby altering the normal scapulohumeral rhythm. Changes in scapulohumeral rhythm were found to be caused by decreased activity in the lower portion of the trapezius and serratus anterior muscles. 12 
Classification
Shoulder dislocations are classified as atraumatic or traumatic. Atraumatic glenohumeral dislocation presents as multidirectional instability. Related to generalized ligamentous laxity, multidirectional instability is often bilateral and responds well to nonsurgical management. Underlying connective tissue disease such as Ehlers-Danlos syndrome or a bony abnormality such as glenoid hypoplasia or excessive glenoid retroversion should be considered when an atraumatic shoulder dislocation occurs.
Up to 96% of shoulder dislocations are traumatic in origin. 3 Traumatic dislocation is caused by a posteriorly directed torque on an abducted and externally rotated arm and is often associated with contact sports or a fall onto an outstretched arm. 3, 13 Subsequent unidirectional instability 
Associated Injuries
In a study of 3,633 patients with traumatic shoulder dislocation, Robinson et al 14 reported that 40% of patients also had an associated structural injury about the glenohumeral joint. Thirty-three percent of patients sustained a rotator cuff tear or fracture of the greater tuberosity. The incidence of rotator cuff tear in patients older than 40 years is especially high (20% to 54% 15 ) secondary to preexisting tendon degeneration. Robinson et al 14 also reported that 13% of patients sustained a neurologic injury associated with shoulder dislocation. The axillary nerve, which is the most commonly injured nerve, is susceptible to traction injury because it transverses the axilla adjacent to the inferior capsule. Injury to this nerve may manifest as deltoid weakness or numbness over the anterolateral shoulder. However, normal sensation does not exclude axillary nerve injury.
Bankart lesions, detachments of the anterior labrum from the glenoid rim, are associated with 85% of traumatic anterior dislocations. 16 Patients with recurrent shoulder dislocations have a higher incidence of Bankart lesions. Posterior dislocations can result in reverse-Bankart lesions of the posteroinferior labrum. 3, 17 The HillSachs lesion, an impaction fracture of the posterolateral humeral head on the glenoid rim, is estimated to occur in 40% to 90% of anterior shoulder dislocations and 100% of recurrent dislocations. 18 Reverse Hill-Sachs lesions affect the anterior humeral head and occur in 86% of posterior shoulder dislocations. 18 
Radiographic Assessment
Radiography is essential for diagnosis of shoulder dislocation. Radiographs should be taken before and after reduction to plan reduction maneuvers, ensure concentric reduction, and evaluate for concomitant fractures. AP, lateral, and axillary views are obtained to identify the direction of the dislocation and any associated fractures.
The axillary view is critical to assess the relationship between the humeral head and the glenoid. To obtain this view, the patient's arm is abducted, a cassette is placed superiorly on the shoulder, and the beam is directed superiorly into the axilla. Ideally, the arm is abducted to 90°; however, if patients have difficulty tolerating that position, less abduction is acceptable. Alternatively, a Velpeau view can be obtained. The arm is adducted and internally rotated to the chest. The patient stands or sits at the edge of a roentgenographic table and leans backward 30°to 45°. The beam is directed down through the shoulder joint. The standard axillary view is preferred over the Velpeau view because the Velpeau view produces a distorted, magnified projection. However, either view is acceptable.
The West Point and Stryker notch views have traditionally been used to assess for bony Bankart and Hill-Sachs lesions, respectively. CT and MRI technology have largely replaced these special views. CT can detect subtle fractures not identified on radiography, such as Hill-Sachs lesions and glenoid rim fractures. MRI is used to identify soft-tissue structural damage, particularly Bankart lesions, ligament/capsule detachment, and rotator cuff tears.
Acute Management
A myriad of reduction maneuvers exists. Regardless of the maneuver used, several general principles apply. Acute dislocations should be reduced in a timely manner to avoid muscular spasm and neurovascular compromise while ensuring gentle and technically sound closed reduction. The ease of the reduction partially depends on the length of time since the dislocation and the tone of the shoulder girdle musculature. If the injury is tended to promptly, reduction without local pain medication is feasible. However, if the patient is unable to relax or if the musculature is in spasm, reduction may be more difficult and anesthesia may be required.
In the office or emergency department setting, two anesthesia options exist: intra-articular block or procedural sedation. Compared with sedation, intra-articular block with lidocaine has been shown to provide the same degree of analgesia and similar success rates in reduction. [19] [20] [21] [22] Sedation is associated with more complications, greater time in the emergency department, and higher costs. [19] [20] [21] [22] Therefore, intra-articular block should be used first, with sedation reserved for difficult reductions.
Anterior Shoulder Dislocation and Reduction Maneuvers
Most shoulder dislocations (97%) are anterior. 3 The mechanism of injury is typically forced abduction and external rotation of the arm. Alternatively, a posterior-to-anterior force directed on the proximal humerus may result in anterior dislocation. Anterior shoulder dislocations are further subdivided into subcoracoid and subglenoid, with subcoracoid dislocations occurring most commonly.
The patient with an anterior shoulder dislocation will often present with the arm held fixed, slightly internally rotated, and abducted. A flattened shoulder silhouette is present when the humeral head is located anterior, inferior, and medial to its anatomic position. Passive and active movement is restricted, as well. Here, we describe 11 reduction techniques for management of anterior shoulder dislocations (Table 2) .
Hippocratic
Hippocrates described the earliest reduction technique. The physician places a foot in the patient's axilla while applying traction to the affected arm with alternating internal and external rotation to disengage the humeral head. This method is largely historical and has been abandoned because of the high rate of traction injury to the brachial plexus.
Traction-Countertraction
The traction-countertraction method uses longitudinal traction to disengage the humeral head. The patient is placed supine. A sheet wrapped around the patient's chest and within the axilla is pulled away from the affected side by an assistant while the affected limb is pulled inferiorly and laterally at a 45°angle ( Figure 1) . Alternatively, the sheet may be tied to the railing of the stretcher if no assistant is available. Slight external rotation of the humerus may aid the humeral head in clearing the anterior glenoid rim. Once the humerus is disengaged, slight lateral traction on the proximal humerus may be necessary.
Chair
In another traction-based maneuver, the patient is seated sideways in a chair with the affected arm hanging over the backrest. The clinician holds the supinated forearm stationary and the patient slowly stands (Figure 2) . A 73% success rate was reported in the original description of this technique. 23 Westin et al 24 modified the technique by tying a loop of stockinette about the forearm, flexing the elbow 90°, and using the loop as a pedal. The authors reported a success rate of 97%, and anesthesia was not required in 110 of 118 reductions (93%).
Kocher
The Kocher technique was first described in 1870. 25 With the patient supine or seated, the operator grasps the patient's forearm on the affected side and flexes the elbow 90°. The patient adducts the affected arm and actively externally rotates to 70°to 80°until resistance is felt. The physician forward flexes the arm and reduction of the humeral head occurs. This technique has a reported success rate of 81% to 100%.
Stimson
Initially described in 1900, the Stimson technique is performed with the patient prone on the stretcher, and the affected arm hanging over the edge. 39 Downward traction is applied with weights, starting with 5 lbs (2.27 kg; Figure 3) . Alternatively, the elbow may be flexed 90°to relax the biceps tendon, and the physician may apply manual traction with a gentle rocking motion. Reduction should occur within 15 to 20 minutes. Advantages of this method include the relative ease of reduction and avoidance of large amounts of force. One disadvantage is the difficulty providing sedation with the patient in the prone position.
Milch
The Milch technique was first described in 1938 and is based on the principle of recreating the injury. 40 The patient can be positioned supine or seated, with the physician on the affected side. The physician places a hand on the superior aspect of the injured shoulder and uses a thumb to stabilize the humeral head in a fixed position while the arm is abducted. Once the arm is fully abducted, gentle longitudinal traction is applied, and the humeral head is manipulated with the thumb over the glenoid rim. This technique can be modified by rotating the arm externally to allow the greater tuberosity to tilt posteriorly and the thinnest profile to pass over the glenoid rim. [27] [28] [29] Success rates ranging from 70% to 100% have been reported. [27] [28] [29] In a study of 76 acute anterior shoulder dislocations reduced with the Milch technique, all shoulders were reduced on the first attempt without anesthesia or complications. 28 
External Rotation
In 1957, a self-reduction technique was devised whereby the patient would sit on a swiveling stool and grasp a stationary object such as the leg of a table. 41 The patient rotates the body, passively externally rotating the shoulder until reduction occurs. This method has been modified to be performed with the patient supine or seated, with the arm fully adducted and external rotation performed by a clinician (Figure 4 ). Reduction should occur at 70°to 110°of external rotation. This method is atraumatic and easy to perform, with reported success rates ranging from 78% to 90% and .80% of patients requiring no anesthesia. [30] [31] [32] Spaso The Spaso technique, which was initially described in 1998, is performed with the patient positioned supine. 42 The physician stands adjacent to the affected arm, holding it in 90°of forward flexion. Gentle vertical traction is applied to the arm, followed by slight external rotation ( Figure 5 ). The medial border of the scapula must be kept in contact with the bed to stabilize the glenoid. Reduction should occur spontaneously after several minutes of traction or the humeral head may be manually pushed toward the glenoid Figure 1 Photograph demonstrating the traction-countertraction reduction technique. A sheet is placed across the patient's torso and held by an assistant or tied to the bed railing while axial traction is applied to the dislocated shoulder.
Figure 2
Photograph demonstrating the chair technique for reduction of an anterior shoulder dislocation. The patient initially sits with the affected arm hanging over a chair back and then stands while the physician holds the arm. The patient reduces the shoulder using his own power. Thomas Youm, MD, et al fossa. Success rates ranging from 68% to 88% have been reported. [34] [35] [36] Eskimo This technique was originally developed in Greenland and was first described in 1988. 43 The patient lies on the ground in the lateral decubitus position. The clinician grips the dislocated arm and applies a vertically oriented force, lifting the contralateral shoulder several centimeters off the ground. The patient is held in this position for several minutes until reduction occurs. Although this technique is easy to perform, it may place undue stretch on the brachial plexus. There are no reported data on the safety of the Eskimo technique.
Scapular Manipulation
Scapular manipulation is performed by internally rotating and medializing the scapula. The patient is placed prone, with the arm hanging over the edge of the stretcher, as in the Stimson technique. Once gentle traction is applied, the clinician stabilizes the superior aspect of the scapula with the thumb and applies medial force on the inferior angle of the scapula with the other thumb ( Figure 6 ). Reduction is often extremely subtle and may be missed. Success rates ranging from 79% to 96% have been reported, and the major disadvantage of this technique is the steep learning curve. 37, 38 Fast, Reliable and Safe Sayegh et al 26 described the Fast, Reliable, and Safe (FARES) method for reduction of anterior shoulder dislocation. In this method, the patient lies supine with the physician standing on the affected side ( Figure  7 ). The patient holds the arm adducted, with the elbow extended and the forearm in neutral rotation. Axial traction is applied without countertraction. A short-range oscillating, vertical movement is rapidly performed throughout the reduction maneuver. The arm is slowly abducted. At 90°of abduction, the arm is gradually externally rotated while continuing abduction and vertical oscillation. Reduction typically occurs at 120°of abduction. The authors claim that this technique is easier to perform than traditional methods.
Posterior Shoulder Dislocation and Reduction Maneuver
Posterior dislocations comprise ,3% of dislocations. 17 Posterior dislocations are often unrecognized or incorrectly recognized; therefore, careful examination is required. Posterior shoulder dislocations most commonly occur in men aged 35 to 55 years. 17 Traumatic dislocations are responsible for about half of posterior shoulder instability cases. 44 In a systematic review of the literature on posterior shoulder dislocations, 34% were associated with seizures. 45 Posterior dislocations are often difficult to diagnose. However, posterior shoulder prominence may be observed with the arm held fixed, internally rotated, and adducted (Figure 8 ). Both passive and active movements are restricted, as well.
Closed reduction is often difficult and may require sedation. It should be attempted only within 3 weeks of the injury and in patients with humeral head defects that comprise ,20% of the articular surface. 17, 46 Two operators are needed for the reduction Figure 4 Photograph demonstrating the external rotation technique for reduction of anterior shoulder dislocation. While the arm is held adducted, slow, gentle, passive external rotation is applied until reduction occurs.
Figure 5
Photograph demonstrating the Spaso shoulder reduction technique in which vertically oriented traction is applied with slight external rotation. Contact between the scapula and the stretcher must be maintained.
Figure 6
Photograph demonstrating scapular manipulation. The scapula is reduced to the humeral head by applying medially directed pressure on the inferior angle of the scapula with one thumb and stabilizing the superior edge of the scapula with the other thumb.
maneuver. The physician forward flexes the shoulder to 90°then adducts and internally rotates the arm to disengage the humeral head from the glenoid rim. The assistant maintains cross-body traction while the physician applies gentle, anteriorly directed pressure to the posterior humeral head. Finally, external rotation can be attempted to complete and confirm reduction. 17, 45, 46 
Inferior Shoulder Dislocation and Reduction Maneuvers
Inferior shoulder dislocation is exceedingly rare, comprising ,1% of all shoulder dislocations. 47, 48 These injuries are also known as luxatio erecta humeri because of the resultant fixed, abducted position of the arm following dislocation. These dislocations are high-energy injuries that occur when a hyperabduction force applied to the arm levers the proximal humerus onto the acromion. Subsequently, the inferior capsule and labrum are injured and the humeral head disengages inferiorly from the glenoid. The humeral head is then lodged in the infraglenoid region, resulting in the characteristic fixed, abducted position of the arm 47 ( Figure 9) .
Bony, soft-tissue, or neurovascular injuries about the shoulder are commonly associated with inferior dislocation. The reported incidence of concomitant fractures of the greater tuberosity and rotator cuff tears is as high as 80%. 49 Additionally, the incidence of neurologic injury is as high as 60% and vascular compromise is as high as 39%. 48, 49 Although the incidence of these associated injuries is based on a small case series, a high suspicion for associated structural and neurovascular injury must be maintained when evaluating a patient who presents with luxatio erecta.
Traction-Countertraction
As with anterior dislocations, the application of axial traction to the arm aids in reduction of an inferior shoulder dislocation. A sheet is wrapped around the upper torso and held in place by an assistant for countertraction. Superiorly directed traction is applied to the arm, and shoulder abduction is gradually decreased. 50 
Two-step
The two-step technique converts an inferior dislocation to an anterior dislocation. Once converted, any maneuver for reducing an anterior dislocation can be used. The examiner stands at the patient's head and pushes laterally on the abducted humeral shaft with one hand, while simultaneously pulling superiorly on the medial epicondyle with the other hand ( Figure 10 ). This maneuver will move the humeral head out of the infraglenoid position and rotate it anteriorly around the glenoid rim. If conversion is successful, the arm may be adducted against the chest wall. External rotation, tractioncountertraction, or any other anterior dislocation reduction technique may then be performed. 50 
Comparison of Techniques
Few studies have compared different methods of closed reduction (Table 3 ). In a study of 111 patients, Beattie et al 51 52 In a randomized control trial, 154 patients with acute anterior shoulder dislocations were treated with the FARES method, the Hippocratic technique, or the Kocher technique. 26 The FARES method was found to be more successful, quicker, and less painful than the Hippocratic and Kocher techniques. In another randomized control trial, the FARES method was compared with the external rotation technique in 160 patients with acute anterior shoulder dislocation. 33 Again, the FARES method was found to be more successful, quicker, and less painful.
Postreduction Rehabilitation
Following successful reduction, the goal of rehabilitation is to regain maximum ROM while retaining stability. The affected arm is immobilized for a minimum of 3 to 4 weeks, and limited physical rehabilitation is recommended. The program should begin with passive ROM exercises. In patients with anterior shoulder dislocations, restrictions include no external rotation past neutral and no abduction past 90°f or the first 4 to 6 weeks after injury. Conversely, in patients with posterior dislocations, internal rotation is limited for 4 to 6 weeks. Isometric contractions for muscle rehabilitation can begin immediately after the injury to strengthen the stabilizing musculature. Return to athletic activities can occur after the patient regains full strength and ROM without pain. The timing of return to contact sports has not been well established in current literature, but we restrict patients from returning to contact sports for a minimum of 2 months.
In patients with limited active ROM, weakness, or persistent pain 2 to 3 weeks after closed reduction, rotator cuff pathology is suspected, and MRI should be obtained. 15 This is especially true for patients older than 40 years who are at higher risk for rotator cuff tear. MRI should also be obtained in cases of recurrent dislocation to evaluate for underlying pathoanatomy. CT is reserved for suspected bone loss or further evaluation of fractures (eg, bony Bankart lesions) that may be seen on radiography or MRI.
Clinical Outcomes
The primary end point in outcome assessment is redislocation. Recurrent anterior dislocations are most likely to occur 2 years after the initial injury. 13 Thus, 2 years can be used as an end point in treatment. AP (A) and axillary (B) radiographs of the shoulder demonstrating an inferior dislocation with associated greater tuberosity fracture. This patient was unable to adduct her arm.
Figure 10
Photograph demonstrating the twostep technique for converting an inferior dislocation to an anterior dislocation. The first step consists of applying a force over the lateral humeral shaft. while the medial elbow is pulled in the opposite direction. This will direct the humeral head anteriorly, converting the inferior dislocation to an anterior dislocation.
Age and sex are predictive factors for recurrent shoulder dislocation after primary traumatic anterior dislocation. Recurrent dislocations are most common in patients aged #20 years. 3 The incidence of recurrent shoulder dislocation decreases precipitously after age 50 years. 3 In a study of 252 patients treated for primary anterior shoulder dislocation, 56% of younger patients developed instability over 2 years and 66.8% developed instability over 5 years. 13 Men were found to have a greater risk of recurrent instability than women.
The degree of trauma associated with the initial dislocation also affects outcome. Mechanism of injury, associated fractures, nerve injury, and the difficulty of reduction are all determinants of outcome. Relative risk for redislocation after primary anterior dislocation is highest in patients who sustained significant rotator cuff tear and/or associated fracture resulting in severe damage to the dynamic and/or static stabilizers. 53 Traditionally, participation in athletics has been thought to predispose the patient to recurrent dislocation. However, conflicting evidence has been reported on this point. Robinson et al 13 found that, among patients younger than 25 years, participation in athletics did not yield a significant difference in the rate of recurrence. In contrast, Sachs et al 54 found that participation in contact sports or occupational use of overhead motion increases the frequency of recurrent dislocation after acute traumatic anterior dislocation.
Many surgeons consider recurrent dislocation an indication for surgery. However, the patient may consider recurrent dislocations as only a nuisance. Although recurrent dislocations in highly competitive athletes or laborers may threaten the patients' livelihood, in lower demand patients, surgery may not be indicated. Sachs et al 54 reported that, over a 4-year follow-up period after initial acute traumatic anterior shoulder dislocation, 18 of 37 patients (49%) in the highest risk group for redislocation requested surgery.
Summary
Dislocations should be tended to promptly for the easiest possible reduction and to minimize damage to surrounding neurovascular structures. For anterior dislocations, we recommend the use of an intra- articular block as a first-line method of analgesia and reserve sedation for failed awake reductions. Because of the high success rates reported for many reduction techniques and the lack of comparative studies, the choice of reduction technique depends on the patient as well as physician familiarity with each technique. Following reduction, every patient should be immobilized for a 3-to 4-week period, followed by a gradual return to ROM and activity. Methods for acute management of shoulder dislocation vary, and the orthopaedic surgeon must be well versed in several methods to best ascertain the appropriate approach for each patient.
